Community colleges (so named because their service areas are geographically circumscribed), technical colleges (so named because their focus is on career-oriented technical training culminating in degrees or in non-degree certificates), and junior colleges (so named because they offer few or no degrees beyond the associate level) are important components of the U.S. PSE system. Most, especially those that are government supported (as are most), emphasize three distinct programs: 1) Transfer programs that extend educational opportunities, a cost-effective way to serve the increasing number of students wishing to transfer to baccalaureate or research-oriented institutions [Dougherty 2002: 295; Cohen and Brawer 2003: 21-22] . 2) Workforce development programs, a distinctive niche of community and technical colleges. On average, about threefifths of community college students are pursuing vocational training for immediate entry into the labor market [Dougherty 2002: 301] . Community colleges are actively involved in four dominant fields: health professions, business, protective services (police and fire), and engineering-related technologies. Programs may be variously geared toward: preparing people for their first job; upgrading the skills of current workers or retraining unemployed workers and welfare recipients for new jobs; or providing specific training courses for employers (contract training, as defined by Dougherty [2002: 302] ). (Also see Cohen and Brawer [2003] ). 3) Continuing education: a service to interested adults (including those outside the labor force).
IT-PRODUCING INDUSTRIES: DEFINITION AND IMPORTANCE
Information Technology (IT)-producing Industries are defined as industry sectors that supply the goods and services that support IT-enabled business processes, internet, and e-commerce [The Emerging Digital Economy II 1999; Digital Economy 2000 and . IT-producing industries include hardware, software/computer service, communications equipment, and communications services industries, and detailed industry sectors and their SIC and NAICS are listed in Appendix A.
Many information technologies have short life cycles, and producers are intent on quickly getting a product or service to market. Employers often prefer to hire workers skilled in new technologies rather than retrain their current workers [Digital Economy 2000: 45] . With IT skill sets closely linked to specific software and hardware technologies, ever-shortening product life cycles create frequent change in the IT skill mix in demand. Specific technical skills often lose value over time, sometimes in as little as 2 to 3 years. 
SERVICES PROVIDED BY PSE INSTITUTIONS
PSE institutions contribute to industrial development and growth in multiple ways including supplying an educated workforce, occupational training, research collaboration, and spin-offs. While the direct purchaser or client may be individual students, IT-producing industry can also be seen as a direct or indirect client.
Universities and colleges provide programs of training and further education for employees of industry. From the industry perspective, rapid technological change and increasing need for diverse skill requirements result in a growing need for external training/retraining of employees as well as internal training. Conventional education is not enough for the learning required for the changes, and formal training needs to be complemented by experiential learning 6 [Keane and Allison 1999: 897; OECD,1996] .
Given high educational requirements for IT-related jobs and increasing costs for occupational training, universities and colleges are an important provider of occupational training. Firms are willing to interact with universities and colleges to access educational programs [Feller et al. 2002] , and various professional degree programs are provided at universities and colleges through building partnerships with industry [Ronalds 1999 ].
Colleges and Universities as Milieux
At a very general but important level, the faculty, students, and activities of PSE institutions provide an atmosphere of cultural openness and innovation, and a respect for learning, that are attractive to the highly educated professionals required by advanced sectors of the economy [Florida 2002 ]. Recent alumni often prefer to remain in such places, even when other (especially smaller) cities in the same region face serious out-migration of educated people.
Labor Supply PSE institutions provide disciplined courses of study, culminating in academic degrees and expertise that make graduates more productive in professional contexts. Universities in the U.S. are nearly unique in the degree to which they integrate research with education [Innovation in Information Technology 2003: 20-21; Noll 1998: 18-20 ]. An educated labor supply is increasingly important for high technology industries, and recruiting and retaining a pool of educated labor is significant for regional economic growth and development. While the presence of strong PSE institutions does not insure that graduates will remain in a given region, other graduates are also drawn toward well-educated places. The longer and more specialized the academic training, the greater the payoff and the necessity for graduates and employers to engage in nationwide or international job searches.
In addition, many academic programs encourage students to participate in off-campus work experience, and many firms and agencies are eager to hire short-term, student interns to augment and refresh their regular workforces. Pursuing an internship while in school is eased by staying in the same local area as one's school.
Occupational Training and Education
PSE institutions provide programs of training and "further education" for current employees. From the industry perspective, rapid technological change and increasing need for diverse skill requirements result in a growing need for external training/retraining of employees as well as internal training. Given high educational requirements for IT-related jobs and increasing costs for occupational training, universities and colleges are an important provider of occupational training. Firms are willing to interact with universities and colleges to access educational programs [Feller et al. 2002] , and various professional degree programs are provided at universities and colleges through building partnerships with industry [Ronalds 1999 ]. Smaller employers are much less likely to provide formal worker training (general or specific, on-or offsite 7 ), because of tighter operating budgets, working capital, and staffing schedules, as well as generally lower wages that do not encourage long worker tenure [Carnevale and Goldstein 1983; Holtman and Idson 1991; Barron et al. 1997; Harrison and Weiss 1998 ].
Collaborative Research
Universities and colleges contribute to basic research awareness and insight for industry partners [Hall et al. 2000 ]. They can focus on long-term research that IT companies are not expected to take to a significant extent [Innovation in Information Technology 2003: 12-14] 8 . Corporate R&D is largely focused on product and process development, and it is often difficult for corporations to justify funding long-term, fundamental research whose results are hard to be captured by their investors. "The results of long-term, fundamental research tend to be published openly and thus to become generally known; they tend to have broad value; the most important may be unpredictable in advance; and they become known well ahead of the moment of realization as a product, so that many parties have the opportunity to incorporate the results into their thinking. In contrast, applied research for product and process development can be performed in a way that can be more easily captured by investors: it can be done under wraps, and it can be moved into the marketplace more quickly and predictably" [Innovation in Information Technology 2003: 13-14] .
Collaborative research is the most widely known mode of interaction between industry and universities/colleges, and technology transfer from universities/colleges to industry is measured by patent, license, and invention disclosure. Collaborative research includes co-authoring research papers, contract research with individual investigators, consulting by faculty, and certain group arrangements for industry problems, and support and use of research equipment. Universities and colleges also provide sites at which researchers from competing companies can come together to explore technical issues [Innovation in Information Technology 2003: 21] .
Entrepreneurial spin-offs
A growing number of universities and colleges have become involved in and encouraged the incubation of spin-off companies [Florida 1999; Shaping the Future 2001] . Spin-off functions of the higher education systems have been spotlighted due to their direct contribution to local employment growth and commercialization of academic research (e.g., Steffensen et al. [1999] ). Successful stories of university spin-offs are widely recognized (e.g., Lycos from Carnegie Mellon University), and relatively more case studies focus on spin-offs, research parks, and business incubators centered on universities and colleges than on other PSE establishments (e.g., Lilischkis [1999] ).
7 Using 1987-92 annual responses from the U.S. National Longitudinal Survey of Youth (thus, getting respondents who were 22-39 over the study period), Veum [1997] found establishment size and firm size to be highly significant determinants of workers' having received on-site, formal training, but not of off-site training. 8 "Long-term" research refers to a long time horizon for the research effort and for its impact to be realized. Examples of innovations that required long-term research include speech recognition, packet radio, computer graphics, and internetworking [Innovation in Information Technology 2003: 9] .
RESEARCH OBJECTIVES AND DESIGN
Given these varied types of services provided by PSE institutions, the ways in which they serve both individual students, governments, and industrial clients, and thus, their roles in regional economic development, it is worthwhile to study the geographical extent and influences of these services. This paper reports on a study of IT-producing firms' use of and interaction with PSE institutions. How distinct are the types, degree, and geography of services provided by different types of PSE institutions? Does geographic distance inhibit different types of interaction differently? Do firms' type and degree of interaction vary by size, sector, or region?
We selected three MSAs based on characteristics of IT-producing industries and universities/colleges located in each area: Seattle, WA; Portland, OR; and Champaign-Urbana, IL (see the list of constituent counties, in Appendix B). According to Markusen's typology [1996] with reference to firm size, interconnection, and local vs. non-local embeddedness, Seattle, WA represents a hub-and-spoke configuration of IT-producing industries-dominated by one or several large and vertically integrated firms surrounded by suppliers. Portland, OR is a satellite platform dominated by large, externally owned and headquartered firms. Champaign-Urbana, IL has relatively small IT-producing industry sectors and is a good example of a university-centered IT complex.
IT-producing companies were selected by SIC as defined in Appendix A. Using an industrial directory, we identified 3752 establishments in the Seattle MSA, 2298 in the Portland MSA, and 248 in the Champaign MSA. In order to compare three case study areas, the same number of IT-producing establishments were selected by stratified selection in each MSA. From three classes by size of establishments 9 and from four groups by SIC (hardware, software, communication equipment, and communication service), 744 firms were selected by the same proportion of each size class and sectoral group within the identified population of each MSA.
A total 80 IT-producing establishments responded to the on-line survey questionnaire (response rate = 10.8%), between January and May 2004. Tables 1-3 show the composition of the respondents by MSAs, size of establishments, and SIC groups. 10 However, the degree of dependence on graduates of local institutions does decline at higher degree levels. 86 percent hired the largest portion of technical workers with a vocational certificate from institutions in the same MSA, and 97 percent hired most of their associate-degree holders from the local MSA. 74 percent of respondents replied primarily on the local MSA for bachelor's degree holders; 65 percent for master's or professional degree holders; and 52 percent for doctoral degree holders.
Technical employee recruitment, by establishment size and relative location
We then analyzed responses to questions regarding where establishments recruited their technical employees, by size of establishment. The results from contingency table analyses below show that there exist statistically significant relationships between size of establishments and proximity of their technical-employee recruiting for workers with baccalaureate, master's, or professional degrees. In these cases, large establishments are more likely to have interactions with universities or colleges outside of the same MSAs where they are located than small establishments. Hiring by small establishments are more likely to be bound within the same MSAs.
Internship programs, by establishment size
Large establishments are more likely to offer student internship programs than small establishments. 8 out of 15 (53.3%) respondents with 100 or more than 100 employees offered student internship programs while 9 out of 40 (22.5%) responded establishments with less than 10 employees and 4 out of 17 (23.5%) responded establishments with 10 to 99 employees do. The results of the contingency table analyses show that statistically significant differences of the likelihood to offer student internship programs exist among establishments with different sizes (confidence level = 0.10).
Internship programs, by relative location
The survey results indicate that IT-producing establishments generally hire student interns from universities or colleges located in the same MSAs.
11 However, respondents were more likely to hire interns from local technical or community colleges, and to go somewhat further afield to identify interns from 4-year colleges or universities. 10 The question posed was "Choose a geographic area from which your company has recruited/hired the largest or the second largest portion of technical workers with a degree at each level," with the possible responses being the same metropolitan area, the same state, the same region of the country, within the U..S., or from abroad. 11 The relevant questions were worded "Student interns from 2-year community or technical colleges are primarily from colleges located in…." and "Student interns from 4-year colleges or universities are primarily from colleges or universities located in…"
Internship programs, by relative location and establishment size Geographies of student internship programs are examined by asking the location of universities and colleges from which interns that IT-producing establishments hire came. Large establishments hire a higher proportion of student interns from outside the same MSA where they are located than expected while small establishments are more dependent on 4-year universities or colleges within the same MSAs than the rest of the regions as a source of their student interns. The results from contingency table analyses show that there exists a statistically significant relationship between size of establishments and physical proximity of the 4-year universities or colleges from which they hired student interns whereas no relationship is found in case of 2-year community or technical colleges.
Occupational training, by MSA
The survey results from IT-producing establishments show that there is a statistically significant relationship among the three MSAs in the likelihood of providing training for their employees (Table 5 ). The respondent IT-producing establishments in Seattle MSA (27 out of 37, or 73.0%) and those in Portland (18 out of 27, or 66.7%) are more likely to provide training for employees while those in Champaign MSA (4 out of 14, or 28.6%) are less likely to provide employee training. Occupational training, by establishment size While the responses reported in Table 5 could reflect the fact that Champaign has a higher proportion of small respondents (fewer than 10 employees) than Seattle or Portland, our comparison of responses does not show any significant increase in the propensity to use training programs (provided by 2-year community colleges and by 4-year colleges and/or universities) with the increasing size of establishments.
Occupational training, by relative location
Respondents are more likely to use training programs provided by universities or colleges within the same MSA than by those in more distant geographic areas. All 16 respondents that have used training programs provided by 2-year community or technical colleges referred to institutions in the same MSA. Eighteen of the 19 respondents that have used training programs provided by 4-year universities or colleges referred to institutions within the same MSA.
Occupational training, by establishment size and relative location Given the overwhelming reliance on local training programs, it is not surprising that the size of establishments does not have a relationship with the locations of universities or colleges whose training programs the establishments use. All of the respondents answered that they used training programs provided by 2-year community or technical colleges within the same MSAs where they are located regardless of size of establishments. In case of 4-year universities or colleges, all of the respondents except one small establishment used training programs provided by 4-year universities or colleges located in the same MSA. The small establishment is a branch operation of a large foreign company, and most of their employees have been trained in the country where the company's headquarters is located.
Collaborative research, by establishment size A higher proportion of responding establishments with 100 or more employees (6 out of 15, or 40.0%) have collaborated with colleges or universities on research projects, than establishments with fewer than 10 employees (6 out of 41, or 14.6%). The results of the contingency table analysis show that there exist statistically significant differences of the likelihood to collaborate with colleges or universities on research projects among small and medium-sized establishments (1-99) and large establishments (100+). We found no relationship between size of establishments and the likelihood to take technical advice from faculty members from colleges or universities.
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A higher proportion of the large establishments responded they have used equipment and/or facilities of colleges or universities (5 out of 15, or 33.3%) than the mid-sized establishments (1 out of 17, or 5.9%), or the small establishments (2 out of 41, or 4.9%). The results of contingency table analysis below show that there are statistically significant differences to use equipment and/or facilities of colleges or universities among large and small establishments.
Concerning technology licensing, it is difficult to find any distinctive trends across different size of establishments because only 3 establishments from 80 respondents answered they have licensed technologies developed at colleges or universities.
Entrepreneurial spinoffs, by region Overall, 19.0% of the responding establishments have entrepreneurial origins from local colleges or universities (see Table 6 ).
13 Respondents in Champaign MSA were more likely to have entrepreneurial origins from local colleges or universities (6 out of 14 establishments, or 42.9%) compared to those in Seattle MSA (7 out of 37, or 18.9%) and in Portland (2 out of 29, or 7.1%). Access to UIUC is one of the important reasons for IT establishments in Champaign to be located there and one of the few locational advantages of IT establishments in Champaign. From interviews, we understand that entrepreneurs of IT establishments in Champaign often have private connections with UIUC (e.g., spouses or family members of UIUC faculty members or employees who should locate their workplace in Champaign). CONCLUSIONS This research was based on a survey of managers of companies whose major products can be considered information technology, and a perspective that views these firms as "clients" of post-secondary education institutions in their local regions and beyond. From this perspective, these companies make very distinct uses of different types of PSE institutions, in terms of the types of services and their geographic extent.
The services provided by community and technical colleges are more localized than the interns, recruits, training, and collaborations between baccalaureate colleges and especially research universities.
The results from the survey partly support the suggestion that larger IT-producing establishments make more use of the range of services provided by PSE institutions. The tendency for IT-producing establishments to benefit from colleges or universities by means of labor supply and research collaboration increases with the growing size of establishments. Larger establishments hire larger numbers of technical workers trained at colleges or universities and especially have higher degree of interactions with graduate-level educational organizations (higher proportion of technical workers with a master's or professional and a doctoral degree among their total employees) than small establishments. Larger establishments more frequently collaborate with colleges or universities in research projects and take technical advice from faculty members at colleges or universities than small establishments. In terms of occupational training, however, size of establishments does not seem to have any relation with the likelihood for IT-producing establishments to use colleges or universities to train their employees. Finally, entrepreneurial origins from colleges or universities are not related to the current size of establishments.
The smallest of the three metropolitan areas studied, which also had the smallest IT-producing sector, exhibited a lower propensity to work with the local community college and university to provide continuing occupational training. However, the local IT-producing sector has closer entrepreneurial ties to the local research university than in the other two regions studied.
Overall, the research findings support the oft-cited assertions that universities support economic development, and that this support is fairly localized. The findings suggest that lower-and non-degree-granting institutions (community, junior, community, and four-year colleges) play large roles, as do the doctoral and research universities more often studied in the academic economic development literature. It will be important to survey the PSE institutions in order to understand the nature, impact, and geographic extent of their services to individuals and IT-producing companies. 
